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This invention relates, generally, to luminescent screens 
for cathode ray tubes and to methods of making lumines- 
cent screens, The invention is particularly directed to 
luminescent screens comprising a plurality of superim- 
posed phosphor layers. 

One type of cathode ray tube uses a luminescent screen 
composed of superimposed lavers of different phosphors, 
each of which emits light of a different color, and between 
which phosphor layers are interposed nonluminescent sep- 
arator layers. In the operation of such a tube, differen- 
tial penetration of electrons into the screen is obtained 
either by varying the velocity of a single electron beam, 
or by using a plurality of beams of different velocity, 
to selectively excite the various phosphor layers to pro- 
duce colof images. The nonluminescent separator layers 
serve, among other things, to improve color purity of 
the light output, 

Each of the superimposed phosphor and nonlumines- 
cent separator layers for such a tube should be of uni- 
form thickness and relatively nonporous in the sense that 
they should be substantially free of interstices, holes there- 
through, or cavitics therein. Where interstices, holes, or 
cavities do exist, or where a layer has thin spot, some 
electrons of the beam may pass through one phosphor 
layer and a separator layer and excite the next phosphor 
layer when, in fact, this should not occur. A reduction 
in color purity accordingly results. 

It is therefore an object of this invention to provide 
a new and improved plural layer screen structure and 


. method of making it, 


It is also an object of this invention to provide a plural 
layer screen structure and method of making it, where- 
in said screen includes a nonluminescent separator layer 
of improved density and uniformity. 

" In accordance with this invention, there is provided a 
luminescent screcn which comprises superimposed layers 
of a first phosphor material, a nonluminescent separator 
material, and a second phosphor material. The non- 
luminescent separator material comprises an integral sur- 
face layer or skin portion of one of the phosphor ma- 


terials, which skin has been treated, e.g. by poisoning, 


to render it nonluminescent. 

This invention may, for example, be embodied in var- 
ious forms, for example: (1) extended layer form, or 
(2) multiple coated particle form. In extended layer 
screens, each of the superimposed phosphor layers ex- 
tends completely over that portion of the substrate on 
which the screen is disposed. In screens of multiple 
coated particles, the supcrimposed phosphor layers are 
provided as separate coatings on each of a multiplicity 
of relatively large particles, of, for example, other phos- 
phor material or glass, which particles are subsequently 
deposited in a layer on a substrate, 

As used herein, “nonluminescent” is a relative term 
defined by subjective comparison with materials having 
useful luminescence capahbilitv. A nonlumin-seent ma- 
teri, as uscd berein, need only be suciently low in 
luminescence capability as to adequately serve the in- 
tended function of a separator layer in a plural layer 
luminescent screen. For this reason, there need not be 
an abrupt change of luminescence in the form of a dis- 
tinct boundary between luminescent and nonluniinescent 
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layers in devices herein described as incorporating this 
invention, The boundary may comprise a gradient of 
luminescence capability in a thickness dimension which 
gradually changes from complete luminescence to effec- 
tively nonluminescence, 

In the drawings: 

FIG, 1 is a partial section view of a multiple coated 
particle suitable for making luminescent screens in ac- 
cordance with the invention; 

FIG. 2 is a partial section view of a luminescent screen 
made with the multiple coated particles of FIG. 1; and 

FIG. 3 is a partial section view of an extended layer 
screen made in accordance with the invention. 

By way of cxample, this invention is described with 
reference to FIGS. 1-3 as embodied in luminescent screens 
which include three different phosphors, for example, red- 
emitting, green-emitting, and blue-emitting. However, 
the invention may, instead be embodied in screens hav- 
ing a different number of different phosphors or of phos- 
phors having different color emission characteristics. 
For example, the invention may be embodied in a two- 
phosphor screen having orange and cyan emissions, 

In FIG, 1 a multiple-coated particle 8 is shown which 
includes a core 10 of a first phosphor, ¢ g., blue-emitting. 
Superimposed on the blue-emitting phosphor core 10, in 
the order named, are coatings of a first nonluminescent 
separator layer 12; a layer 14 of a second phosphor, e.g., 
green-emifting; a second nonluminescvat separator layer 
16; and a layer 18 of a third phosphor, ec.g., red-emit- 
ting. 

The first nonluminescent separator layer 12 is pro- 
vided as a poisoned surface layer or .“:in portion of the 
blue phosphor core 10, and is accordingly integral there- 
with, ic. the layer 12 constitutes a portion of the same 
single crystal which also constitutes the blue phosphor 
core 10. The layer 12 is accordingly substantially void 
of interstices, holes, etc. which might otherwise reduce 
its quality, 

The green phosphor layer 14, the second nonluniines- 
cent separator layer 16, and the red phosphor layer 18 
may comprise thin layers of, for example, evaporated 
material or very small particles. 

FIG. 2 illustrates a luminescent screen 20 which com- 
prises a layer of the multiple coated particles 8 of FIG. 1. 
The layer of the multiple coated particles 8 is such that 
a sufficient number of the particles is provided to com- 
pletely cover the substrate so as to avoid holes or open- 
ings completely through the layer, through which an excit- 
ing electron beam could pass. 

In preparing the screen 20 of multiple coated particles 
8, the multiple coated particles themselves are first pre- 
pared. To do this, a suitable quantity of core particles 
of a first phosphor are first treated, such as by a process 
hereinafter described, to poison and thereby render rela- 
tively nonluminescent an integral surface layer or skin 
portion of the core particles. Next, superimposed layers 
of desired thickness of a second phosphor, then a non- 
luminescent separator material, and thereafter a third 
phosphor, are coated successively onto the core particles 
10. Applicatfon of the second and third phosphor layers 
14 and 18 and the second separator layer 16 may be 
provided by, for example, an adsorption process, here- 
inafter described, or by evaporation of the material in 
question onto the core particle 10. After the muetcrle 
eouted particles have been prepared. they are deousja 
oly a suitavle substrate by any one of a univer ot ait- 
able methods such as settling, slurrying, dusting, or ad- 
sorption deposition. 

Tf desired, a suitable metal backing layer (not shown) 
suco as aluminum may then be applied to the layer 2@ 
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of multiple coated particles 8 by a process known in the 
art, 

In FIG. 3 an extended layer screcu 22 is illustrated 
which comprises continuous layers of phosphors and 
separator materials which extend over the entire screcned 
arca of the substrate on which the screen is disposed. 
With respect to the composition and order of the layers, 
the screen 22 is similar to the multiple coated particle 8 
of FIG. 1, A base layer 24 of surface poisoned first 
phosphor particles may comprise particles identical to 
the core 10 and poisoned skin layer 12 portions of the 
multiple coated particle 8 shown in FIGURE 1.  Super- 
imposed on the layer 24 of surface-poisoned first phos- 
phor particles are, in the order named, a layer 26 of a 
second phosphor, a second nonluminescent separator 
layer 28, and a layer 30 of a third phosphor. The layers 
26, 28 and 30 of screen 22 may be identical to the layers 
14, 16, and 18 of the multiple coated particle 8 shown 
in FIGURE 1, except that they extend completely across 
the area of the screen rather than being separate coatings 
on individual ones of the surface-poisoned first phosphor 
particles, . 

In preparing the screen 22, the first phosphor particles 
of the layer 24 are preferably first surface-poisoned as in 
preparation of the multiple coated particles 8. These 
surface-poisoned particles are then deposited in a layer 
on a suitable substrate such as by settling, slurrying, dust- 
ing, or adsorption deposition. Alternatively, the phos- 
phor particles forming the layer 24 may first be deposited 
on the substrate and then surface-poisoned. The second 
and third phosphor layers 26 and 30, and the second 
nonluminescent separator layer 28 are superimposed on 
the surface-poisoned particles of the base layer 24 in 
their appropriate order, such as by settling, slurrying, dust- 
ing, evaporating or adsorption deposition. 

If desired, a suitable metal backing layer (not shown), 
such as aluminum, may be applied over the third phos- 
phor layer 30 by a process known in the art. 

The provision of phosphor layers by settling, as re- 
ferred to above, involves the settling of sedimentary size 
particles through a liquid cushion and onto a substrate. 
The cushion may comprise an aqueous solution of a 
suitable binder and electrolyte, as known in the art. 
Slurrying involves the spreading of a somewhat creamy 
liquid suspension of particles over a substrate. Dusting 
involves the sprinkling of dry particles onto a substrate 
which has been made tacky with a coating of a suitable 
material. Evaporation involves heating of the selected 
material, usually in a vacuum, to vaporize it and then 
collect the vapors thereof in a solidified mass on the sub- 
strate. Each of these deposition methods are well known 
in the art and will not be further described herein. 

The adsorption deposition method, referred to above, 
constitutes a preferred method of depositing the second 
and third phosphor layers, and the second nonluminescent 
separator layer onto the poisoned surface of the first 
phosphor particles. This method is particularly: suitable 
for deposition of very small particles, e.g., submicron in 
size, and especially for making the multiple coated 
particles 8. 

In accordance with adsorption deposition techniques, 
a suitable substrate is first covered with a thin adsorptive 
film of an organic colloid such as gelatin or polyvinyl 
alcohol. Suitable films can be applied to the substrate 
by washing the substrate with an aqucous solution of the 
selected organic colloid. For example, an aqueous gel- 
atin solution of from 0.01 to 10.0% gelatin by weight 
adjusted to a pli of approximately 4 with acetic acid 
has been found suitable, 

Afier the adsorptive film has been applied to the sub- 
strate, the substrate is thoroughly washed with water 
to remove any non-adherent organic colloid. The 
filmed substrate is ‘then washed with a liquid dispersion 
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strate. Such washing results in particles from the dis- 
persion being collected by the adsorptive film into a thin 
layer onto the substrate. After such time that particles 
are no lonacr being deposited from the dispersion onto 
the adsorptive film at a significant rate, the excess dis- 
persion is removed. The phosphor coated substrate is 
then again thoroughly washed to remove any non- 
adherent organic colloid. The steps of coating with an 
adsorptive film, washing with water, washing with a dis- 
persion of the desired particles, and washing with water 
may then be repeated as many times as desired to build 
up a layer of particles to any desired thickness, Layers 
so provided have been found to be relatively free of 
eross interstices, openings, cavities, and the like, which 
would adversely affect the quality of the layer when it 
is used as a part of a luminescent screen in a penetration 
type cathode ray tube. 

This invention is not limited to any particular type 
or kind of phosphor, scparator material, or poisoning 
agent. Any of the known phosphors from families such 
as the sulfides, oxides, selenides, phosphates, or silicates 
of metals such as zinc, cadmium, manganese, magnesium 
or calcium may be employed. Such materials may be acti- 
vated by any of the known suitable activators such as 
silver, manganese, or copper. 

Suitable nonluminescent separator materials include, 
for example, silica, titanium dioxide, mica, bentonite, 
talc, vanadium oxide and many other materials which 
are nonluminescent, are compatible with a suitable 
method of deposition, and are capable of forming rela- 
tively compact, uniform layers. 

The poisoning agent may be any mi.crial which will 
act to poison the particular phosphor being used and 
will not otherwise adversely affect the cathode ray tube 
into which the screen is incorporated. Suitable poison- 
ing agents include metals such as iron, c~balt, and nickel. 
These agents may be provided in the form of salts thereof 
such as sulfates, chlorides, or nitrates. 

Treatment of the selected phosphor to provide it with 
a poisoned skin layer involves washing the phosphor™ 
with, for example, an aqueous salt solution of a suitable 
poisoning agent. The phosphor material so washed, is 
then dried and fired in a nonoxidizing atmosphere to 
diffuse the ions of the poisoning agent thercinto. The 
concentration of the poisoning agent is not critical. Con- 
sideration need be given only to depositing a suitable 
quantity of the poisoning-agent on the phosphor to 
produce the desired depth of poisoning. The concen- 
tration to be used may depend, upon other things, the 
manner in which it is applied to the phosphor, for exam- 
ple, whether the phosphor is washed with an excess 
of the poisoning solution, or whether the poisoning 
agent is precipitated upon the phosphor. On the other 
hand, the temperature at which the phosphor is fired 
and the time duration of the firing affect the depth to 
which the phosphor particles are poisoned. The greater 
the firing temperature or longer the firing time, the 
greater depth to which the poisoned surface layer will 
extend. 

Example #1.—Potsoning procedure 


A 100 gram quantity of blue-emitting silver-activated 
zine sulfide phosphor is placed together with 500 mil- 
liliters of deminaralized water into a blender and agi- 
tated for 10 minutes to insure deaggregation of the phos- 
phor. During the agitation of the phosphor suspension, 
1.5 milliliters of 0.10 molar cobalt sulfate poisoning 
acent is added dropwise thereto. Then 1.5 milliliters of 
0.5 molar aqueous ammonium sulfide is added drop ei-e 
to the suspension to precipitate the core cae 
phosphor. Afier the agitation is comeleted, 
is allowed to settle from the suspension and the super- 
natant liquid is decanted and discarded. The phosphor 
is then washed three times with acetone to remove any 


the pie rier 


of the particles which are to be deposited onto the sub- 75 excvss cobalt ions not firmly adhered to the phosphor 
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particles. The phosphor is then dried and sieved 
through a 325 mesh sieve. ‘That portion of the phosphor 
which passes through the sieve is fired in 10 gram lots 
in nitrogen, for 10 minutes, at a temperature selected to 
produce the desired thickness of surface poisoned non- 
luminescent separator layer 32, according to the follow- 
ing table: 


Poisoned Poisoned Tomperature, 
depth, # depth, mg./em.?) ba On 
0.28 -10 760 
0.50 20 810 
0.75 0 860 


In practicing the phosphor poisoning procedure, as 
described in this example, the following relationship ap- 
pears to exist: thickness of poisoned layer= (firing tem- 
perature °C. —710) (0.005). Longer firing times may 
be used if desired. Jf the phosphor is fired for 290 
minutes, a specified thickness of the poisoned layer is 
achieved at about 20° C. lower firing temperature than 
that given in the firing table for a 10 minute firing. 


Example #$2.—Poisoning procedure 


A one kilogram quantity of blue-emitting, silver- 
activated, zinc sulfide phosphor is: covered with an 


aqueous solution of 0.005 molar cobalt sulfate and agi-: 


tated for a few minutes at low speed in a blender. The 
excess cobalt sulfate solution is decanted and the re- 
maining phosphor is washed three times with acetone by 
decantation. The phosphor is then dried and sieved 
without force through a 325 mesh sieve. 

Firing of the sieved phosphor is carried out as described 
in Example 1. 


Example #3.—Poisoning procedure 


A 1000 gram quantity of blue-emitting silver-activated 
zinc sulfide phosphor is added to 800 milliliters of de- 
mineralized water. To this suspension, 10 milliliters of 
0.5 molar cobalt sulfate poisoning agent is added. ‘The 
suspension is then agitated gently for about 15 minutes by 
rolling in a gallon size jar. 


The phosphor is then allowed to settle out of the sus- 


pension and the supernatant Jiquid decanted. The fast 
few drops of the supernatant liquid is removed with a 
siphon or other suitable means. The remaining phosphor 
material is washed three times with copper-free acetone 
to remove the non-adherent cobalt ions therefrom. ‘The 
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phosphor is then dried and gently sieved through a 200 50 


mesh sieve. That portion of the phosphor which passes 
through the sieve is then packed into a carbon crucible 


containing a quartz tube vertically centered anc is covered 
with a carbon lid. ‘fhe crucible is then inserted into an 
inverted quartz vessel and then set on a quartz cover. 
The phosphor is then fired at 800° C. for a sclected 
period of time, according to the folowing table: 


Poisoned depth mg./cm.?: Firing time, minutes 


0,063.. sade se nen eke encase s Sect esebe eel 15 
O;19). Sooo ois ee ccccheesuae ds 29 
036-- soto see ceceesbadawes ceweueeecesces 35 
O39: pre eee ek oe ee ee ee ana 50 


After firing of the phosphor is completed, the phosphor 
is again gently sieved through the 200 mesh sieve. 

In either Examples 1, 2, or 3, after the first phosphor 
particles have been surface poisoned, as described, they 
are then given the desired additional phosphor and non- 
luminescent separator coatings as hereinbefore described. 

What is claimed is: 

1. A luminescent screen comprising a substrate coated 
with a layer of phosphor particles, each of said particles 
comprised of: 

(a) a core of a first phosphor having a surface skin 
layer thereof poisoned to provide a non-lumincscent 
separator layer surrounding said core, 

(b) and a second and different phosphor layer sur- 
rounding said separator layer. 

2. A luminescent screen comprising a substrate coated 
with a layer of phosphor particles, each of said particles 
comprised of: 

(a) a core of a first phosphor having a surface skin 
layer thereof poisoned to provide a first nonlumi- 
nescent separator layer surrounding said core, 

(b) a second and different phosphor layer surrounding 


said first separator layer, 
(c) a second non-luminescent separator layer surround- 
ing said second phosphor layer, and 
(d) a third and different phosphor layer surrounding 
said second nonluminescent layer. 
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